The function of guanosine residues surrounding the TATA box of the adenovirus 2 major late promoter (MLP) in promoting efficient transcription initiation and in selecting a specific transcription start site in vitro has been examined. Multiple and single base substitutions (G-»A) were generated in this region (from -83 to +35 relative to the cap site, +1) of the MLP. The promoter activities of the wild type and 21 mutants were assayed in an in vitro transcription system using whole cell extract (WCE) prepared from HeLa cells. The results suggest that the strings of G residues immediately adjacent to the TATA box are not required for full promoter activity in vitro. These G residues also appear not to be involved in the selection of a specific transcription start site by RNA polymerase II in vitro, since the identical cap site was used by wild-type and mutated MLP's. However, two G residues (-55 and -57) were identified as part of an upstream promoter element: a G-»A transition at either -55 or -57 resulted in a 2.6 fold reduction in promoter activity. However, neither single nor double G-»A transitions at -62 and -83 had an effect on promoter activity.
INTRODUCTION
Although the G residues surrounding the TATA box were found not to be important in promoter function, nucleotides contributing to an upstream promoter element were identified.
MATERIALS AND METHODS

Materials
Restriction enzymes were purchased either from International Biotechnology, Inc.
(New Haven, Conn.), or from New England Biolab (Beverly, Mass.). The assay conditions suggested by the companies were followed for restriction enzyme digestion reactions.
Hela whole-cell lyaate was prepared and used as described previously (20,21). 
Generation of base substitution mutants
RESULTS
Generation of MLP mutants with base substitutions (G-»A)
Earlier in vitro studies indicated that the major late promoter deletion mutant pXB210, which contains wild-type nucleotide sequences to -66, displays a promoter activity similar to a wild-type MLP clone (containing sequences up to -400) (5). Therefore, we chose pXB210 as a starting material . and generated G-»A transitions between -68 and +17 (Fig. 1) . The nucleotide sequences of 21 mutants were identified and the Table 1 . The nucleotide sequence of the wild-type promoter (mp9-210) is shown at the lop of the table. Base substitutions were also found in the regions just downstream from +17. They were likely due to mismatches in this region during the formation of gapped DNA.
Effect of multiple G-»A transitions on MLP activities in vitro
The promoter activities of mp9-210 and the mutants derived from it were assayed for their ability to direct the synthesis of specific run-off transcripts in a whole cell lysate transcription system (21). The results of two sets of transcriptional assays are transcriptional efficiencies of down mutants were real, but also suggest that the down mutants compete less effectively than does the wild type for a required factor in the extract. The relative transcriptional activity of each mutant waB determined as described in the methods section and is listed in Table 1 .
Promoter activities were also assayed at lower DNA concentrations (16 ^g/ml), because earlier studies had revealed greater differences in promoter activities under such conditions (9.19). However, the relative transcriptional activities of mp9-210 and the mutants derived from it remained the same under these assay conditions (results not shown). When the nucleotide sequences of these mutants were compared, it was clear that the G residues located either downstream or upstream from the TATA box were not required to obtain full promoter activity in vitro.
An upstream element of the late promoter
As shown in Table 1 , all of the mutants with reduced promoter activities contain a G-»A transition at either -55 or -57. To determine whether these two G residues are indeed required to obtain wild-type levels of transcription, mutants with single base changes at -55 (mutant 55) and at -57 (mutant 57) were constructed from mutant 26 and mutant 5, respectively (Fig. 3) Fig. 4 , mutant 55 displays a similar promoter strength as do the other down mutants that contain G-»A transitions at -55. However, the promoter activity of mutant 26d55, which contains wild-type nucleotide sequence in this region, has been restored to the wild-type level. Mutant 57 and mutant 5d57 also displayed the same promoter activities as the down mutant and wild type , respectively (Fig. 4 ). These observations demonstrate that the two G residues at -55 and -57 are part of an upstream promoter element.
The nucleotide sequences from -59 to -69 have been proposed to constitute an upstream promoter segment of the MLP (9). As shown in Table 1 , single G-»A transition at -62 or at -63, as well as double G->A transitions at -62 and -63 (mutant 19). do not have detectable effects on promoter activity. This result Is further supported by the wild-type level promoter activity of mutant 6263, which contains double basesubstitutions at -62 and -63 (Fig. 4) . These observations suggest that the two G resi- Table 1 ). Since the late promoter is the most active pol II promoter in vitro (13), it was speculated that these abundant G residues might contribute in part to the strength of this promoter. However, our data indicate that these G residues are not required for promoter function in vitro. longing the scanning process of the transcriptional machinery for the TATA box. Our data argue against this hypothesis, because multiple G-»A transitions in this region (Table 1) failed to reduce the late promoter activity in vitro.
The G residues downstream from the TATA box of the late promoter (-24 to -6) have also been suggested to form part of a hairpin structure and as a result facilitate the separation of the template strand during transcription initiation (16). Multiple G-»A transitions in this region would disrupt such a hairpin structure, perhaps thereby reducing the transcriptional efficiency. However, since no effect of such G-»A transitions on promoter activity was observed, our data suggest that formation of such a hairpin structure downstream from the TATA box is not required for transcription initiation tn vitro. However, whether the formation of a hair-pin structure in this region is required for transcription initiation in vivo remains to be answered.
Earlier studies on the late promoter indicated that upstream sequences from -66 to -51 (19), from -97 to -34 (9). or from -110 to -60 (12) are important for promoter activity in vitro. The data of Hen et al (9) suggest either that two sets of sequences are involved or that only one promoter element, centered at -82, is located in this region. Our study identified two G residues (at -57 and -55) that are required for obtaining wild-type levels of transcription. Furthermore, the two G residues at -62 and -63 do not appear to be required for efficient transcription in vitro. However, our data do not illustrate whether the late promoter contains one upstream element or two separate elements. If there is only one upstream promoter element, then it should include both the two G residues at -55 and -57 and also some nucleotide sequences further upstream from -63. Although the two G residues at -62 and -63 are not required for transcription tn vitro, it is likely that other nucleotide sequences in this region may be important for efficient transcription tn vitro. If two upstream nucleotide sequences are involved in determining the activity of late promoter, one element is likely located between -62 and -51. including the G residues at -55 and -57. The other promoter element may be located further upstream, between -97 and -83. 
